The transverse-target single-spin asymmetry for inclusive deep-inelastic scattering with effectively unpolarized electron and positron beams off a transversely polarized hydrogen target was measured, with the goal of searching for a two-photon exchange signal in the kinematic range 0.004 < x < 0.9 and 0.1 GeV 2 < Q 2 < 20 GeV 2 . In two separate regions Q 2 > 1 GeV 2 and Q 2 < 1 GeV 2 , and for both electron and positron beams, the asymmetries are found to be consistent with zero within statistical and systematic uncertainties, which are of order 10 −3 for the overall asymmetries.
Introduction
Despite the common aproximation of one-photon exchange, the contribution of two-photon exchange to the cross section for electron-nucleon scattering has received increased attention in recent years. Two-photon exchange effects have been suggested to explain most of the discrepancy at large momentum transfer between two different methods [2] used to extract the electromagnetic form factors of the proton from elastic ep scattering, namely the Rosenbluth method and the polarization transfer method. Two-photon exchange has been also shown to play a role in the measurement of parity violation in elastic scattering of longitudinally polarized electrons off unpolarized protons, with corrections of several percent to the parity-violating asymmetry [3] .
In order to investigate contributions from two-photon exchange, it is necessary to identify observables sensitive to it. Two such observables are beam-charge asymmetries and transverse single-spin asymmetries (SSAs), which arise from the interference between the one-photon and two-photon exchange amplitudes. Specifically, beam-charge asymmetries in the unpolarized cross section arise from the real part of the two-photon exchange amplitude [4] , while inclusive transverse SSAs are sensitive to the imaginary part [5] . Up to now, experimental searches have been mainly performed in elastic lepton-nucleon scattering, where non-zero transverse-beam SSAs of order 10 −5 − 10 −6 have been measured [4] . In inelastic scattering, no clear indication of two-photon exchange has yet been observed, where various attemps of measuring both transverse-target SSAs [6, 7, 8] and cross-section ratio [9, 10, 11, 12, 13, 14, 15] show no effect within the few-percent level. No experimental search has been done in deep-inelastic scattering (DIS) to date.
In inclusive DIS, l + p → l ′ + X, and in the one-photon exchange approximation, a transverse SSA is forbidden by the combination of time reversal invariance, parity conservation, and the hermiticity of the electromagnetic current operator, as stated in the Christ-Lee theorem [16] . A non-zero SSA can therefore be interpreted as an indication of two-photon exchange.
Ref. [5] presents a theoretical treatment of the transverse SSA arising from the interference of one-photon and two-photon exchange amplitudes in DIS. For an unpolarized beam (U) and a transversely (T) polarized nucleon target, the spin dependent part of the cross section is given by
Here, e l is the charge of the incident lepton, M is the nucleon mass, −Q 2 is the squared four-momentum transfer, p, k and k ′ are the four-momenta of the target, the incident and the scattered lepton, respectively, while ε µνρσ is the Levi-Civita tensor. The term
, consequently the largest asymmetry is obtained when the spin vector S is perpendicular to the lepton scattering plane defined by the threemomenta k and k ′ . Finally, C T is a higher-twist term arising from quark-quark and quarkgluon-quark correlations. The expected magnitude of the SSA varies from order 10 −4 to 10 −2 depending on model assumptions and on the term C T , which has not been completely evaluated at present. The asymmetry is also expected to change sign for opposite beam charges. The data were collected with the hermes spectrometer [17] , located at the hera accelerator at desy, Hamburg. The 27.6 GeV positron or electron beam was scattered off the transversely polarized gaseous target internal to the beam pipe. The direction of the target spin vector was reversed at 1-3 minute time intervals to minimize systematic effects, while both the nuclear polarization and the atomic fraction inside the target cell were continuously measured [18] . Data were collected with the target polarized transversely to the beam direction, in both "upward" and "downward" directions in the laboratory frame. The beam was longitudinally polarized, but a helicity-balanced data sample was used to obtain an effectively unpolarized beam. Only the scattered leptons were considered in this analysis. Leptons were distinguished from hadrons by using a transition-radiation detector, a scintillator pre-shower counter, a dual-radiator ringimaging Cherenkov detector, and an electromagnetic calorimeter. Hadrons were suppressed by very stringent particle identification requirements to a level of less than 2 × 10 −4 to exclude any contamination from a possible transverse hadron SSA in the lepton signal. This resulted in a lepton identification efficiency greater than 94%. Events were selected in the kinematic region 0.004 < x < 0.9, 0.1 < y < 0.85,
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0.1 GeV 2 < Q 2 < 20 GeV 2 , and W 2 > 4 GeV 2 . Here, x is the Bjorken scaling variable, y is the fractional beam energy carried by the virtual photon in the laboratory frame and W is the invariant mass of the photon-nucleon system.
The left-rightnormal asymmetry was calculated as:
where N
↑(↓)
L(R) is the number of events measured at a certain x, Q 2 and for a given target spin direction (↑ upwards or ↓ downwards). The subscripts L(R) refer to the leptons scattered to the left (right) of the target spin vector, corresponding to π < φ < 2π (0 < φ < π). Here φ is the azimuthal angle between the lepton scattering plane and the target polarization vector pointing upwards. L ↑,↓ are the total luminosities in the two polarization states, and L
↑,↓
P are the polarization-weighted luminosities. The advantage of writing the asymmetry this way is that acceptance effects originating from a different left and right acceptance completely cancel in the ratio [19] .
The HERMES detector is top-bottom symmetric, with a gap in the horizontal direction, and thus it does not cover the full 2π range in φ. For a perfect detector with a full coverage in the angle φ the measurement of a left-right asymmetry of amplitude A sin φ would lead to:
where the expected dependence of the asymmetry on sin φ coming from Eq. (1) was used, and χ stands for the acceptance scaling-factor arising from an incomplete φ-coverage. In order to correct the measured asymmetry, an estimate of χ was extracted from a Monte Carlo simulation. The dependence of such acceptance factor as a function of x is shown in the middle panel of Fig. 1 . It varies between 20% and 60% and is on average 0.37 for the low Q 2 region and 0.42 for the higher Q 2 region. The results were not corrected for smearing and radiative effects, since at the moment there is no knowledge of the main background coming from the elastic two-photon asymmetry. Instead, the contamination of the elastic events in the total sample estimated from a Monte Carlo simulation, is shown in the lower panel of Fig. 1 . The contribution reaches values as high as 60% in the lowest x bin, and rapidly decreases towards high x, becoming compatible with zero for x > 0.1. For this analysis the Q 2 region was separated in a 'DIS' region (identified with Q 2 > 1GeV 2 ) and an 'low-Q 2 ' region (at Q 2 < 1 GeV 2 ). The quantities x and Q 2 are strongly correlated, as shown in the upper panel of Fig. 1 . The final results for the measured asymmetries are shown in Fig. 2 as a function of x separately for electrons and positrons. In both cases the asymmetries are consistent with zero within uncertainties.
The systematic bands include contributions from particle identification, trigger efficiencies, correction for the bending in the transverse magnetic field of the target magnet, target polarization uncertainty and a Monte Carlo simulation used to estimate the effect of misalignment and beam shifts in position and angle. 
The overall asymmetries for electrons and positrons are shown separately for the low-Q 2 region and the DIS region in Table 1 together with their statistical and the individual contributions to the systematic uncertainties. No sign change between electrons and positrons is observed. The asymmetries are consistent with zero within their uncertainties of the order of 10 −3 .
In conclusion, inclusive single spin asymmetries have been measured at HERMES on a transversely polarized proton target with the goal of searching for a signal originating from two-photon exchange. No signal has been found within the uncertainties of the order of 10 −3 .
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